Introduction: Emerging evidence suggests that vigorous physical activity may be associated with higher cardioprotective benefits than moderate physical activity. This study aimed to assess the longterm relationship between the intensity of leisure time physical activity (LTPA) and the risk of developing metabolic syndrome (MS) in a prospective cohort study.
INTRODUCTION

M
etabolic syndrome (MS) is the combination of five metabolic abnormalities: central adiposity, dyslipidemia, insulin resistance, glucose intolerance, and hypertension. 1 It is strongly associated with atherosclerosis, cardiovascular disease, Type 2 diabetes, and all-cause mortality. 2, 3 Early identification, treatment, and prevention of MS present major challenges for healthcare professionals.
There is evidence of the effectiveness of physical activity in primary and secondary prevention of several chronic diseases and premature death. [4] [5] [6] Leisure time physical activity (LTPA) refers to activity that is not required as an essential activity of daily living (sports participation, exercise conditioning, and recreational activities). 7 The protective effect of LTPA on the incidence of MS has been established. [8] [9] [10] [11] [12] Emerging evidence suggests that vigorous physical activity (VPA), rather than light or moderate activity, may be associated with higher cardioprotective benefits and superior reduction of mortality. 13 European recommendations state that additional benefits can be obtained by increasing the intensity of LTPA. 14 The American Heart Association proposes an average of 40 minutes of moderate to vigorous intensity activity three or four times/week. 15 Cross-sectional studies have suggested that VPA may provide an important benefit for cardiometabolic disease prevention. [16] [17] [18] [19] There are also some longitudinal studies, but they did not take into account important dietary or lifestyle confounders. 20, 21 The aim of this study was to assess the relationship between levels of intensity in LTPA and the long-term risk of developing MS.
METHODS
The Seguimiento Universidad de Navarra (SUN) project is a prospective, multipurpose, dynamic cohort, formed by Spanish university graduates and started in December 1999. [22] [23] [24] Participant recruitment is open permanently. Follow-up is based on biennial questionnaires. (Further information and the cohort profile are available at: www.unav.edu/departamento/preventiva/ sun.) The authors selected participants with a minimum of 6 years of follow-up. A total of 5,367 participants were excluded who had at least one MS component or BMI 430 (waist circumference was not measured at baseline). Also, 1,399 participants who had extremely low or high total energy intake and 841 participants who had not answered any of the follow-up questionnaires (retention rate, 93.6%) and 2,268 participants with missing information on MS at the 6-year follow-up were excluded. After exclusions, 10,145 participants entered the final analyses. Final data were from December 2014. Analysis was conducted in 2015.
The study was approved by the IRB of the University of Navarra. Voluntary completion of the first questionnaire was considered to imply informed consent.
Measures
Data for LTPA were gathered through a 17-item self-administered questionnaire. This questionnaire collects information about 17 different types of LTPA (walking, jogging, athletics, cycling, stationary cycling, swimming, tennis, soccer, basketball, dance, hiking, gymnastics, gardening, skiing, martial arts, and sailing) and about the time spent on each. This 17-item questionnaire was validated using triaxial accelerometers. 25 METs corresponding to each activity were established using the Compendium of Physical Activities. 26 Afterward, the number of METs for each activity was multiplied by the hours dedicated to it per week, obtaining the total METs/week for each activity. Total energy expenditure in LTPA was quantified by summing the total METs/week of all the activities performed by each participant. The intensity of LTPA was estimated by the ratio of total METs/week and total hours of LTPA/week, obtaining the mean METs/hour.
The covariables used in the analyses included: sociodemographic variables (sex, age, education level), health-related habits (smoking status, alcohol intake), medical history (prevalence of cancer and cardiovascular disease), lifestyle and dietary factors (adherence to the Mediterranean diet or any diet, total energy intake, fast food, french fries, snacking, sugar-sweetened soda intake, and time spent on TV watching, computer use, household chores, physical activity at work, sleeping hours, and nap minutes/ day), anthropometric data (height, body weight, and BMI), and total energy expenditure in LTPA/week (METs/week). To measure nutritional variables, this study used a 136-item semi-quantitative food frequency questionnaire with demonstrated validity and reproducibility. [27] [28] [29] The validity of self-reported data on BMI and body weight has also been published in a specific report. 30 This study defined MS according to the harmonizing definition of the International Diabetes Federation; American Heart Association; and National Heart, Lung, and Blood Institute. 1 The presence of any three of the following five risk factors constitutes a diagnosis of MS: elevated waist circumference (in Europeans: Z94 cm or Z80 cm, for men and women, respectively), elevated triglycerides (Z150 mg/dL) or drug treatment for elevated triglycerides, reduced high-density lipoprotein cholesterol (o40 mg/dL for men and o50 mg/dL for women) or drug treatment for reduced high-density lipoprotein cholesterol, elevated blood pressure (systolic Z130 mmHg, diastolic Z85 mmHg, or both) or antihypertensive drug treatment, and elevated fasting glucose (Z100 mg/dL) or drug treatment for elevated glucose.
Information was self-reported (questionnaires) and obtained by participants from their blood tests and medical checkups provided at no cost by the Spanish Public National Health System. A measuring tape was sent to all participants, including a detailed explanation of how to measure their own waist. Validation of these self-reported MS data has also been published.
31,32
Statistical Analysis
The sample was divided into quartiles according to their mean METs/hour of LTPA. The first quartile (light LTPA) was considered the reference category and the fourth was considered the vigorous LTPA group. The authors compared the incidence of MS or any of its components between them after using logistic regression models. ORs were estimated and 95% CIs were calculated. The first model was built without any adjustment (crude), a second model adjusted for age and sex, and a third multivariable-adjusted model considered potential confounders.
Additional analyses were conducted by creating five new categories that combined time spent in LTPA (r6.3 or 46.3 hours/week, median of total time/week spent in LTPA) and intensity of LTPA (light to moderate, o6 METs/hour; vigorous, Z6 METs/hour). The authors compared the incidence of MS between these five joint categories, taking as the reference category those who did not perform any LTPA, in the multivariableadjusted logistic regression model. All presented p-values are twotailed. Analyses were performed using Stata, version 12.0.
RESULTS
The authors studied 10,145 participants initially free of any criteria for MS and observed 412 (4.1%) new (incident) cases of MS after 6 years of follow-up (60.5% men). Participants who performed higher-intensity LTPA were more frequently men, with a higher educational level, and a higher amount of total energy expenditure in LTPA. When analyzing the type of exercise predominant in each quartile of intensity of LTPA, walking and stair climbing were the predominant aerobic exercises in the first quartile, whereas the predominant activities were anaerobic vigorous activities (soccer, skiing, and athletics), but also aerobic vigorous activities (jogging and hiking) in the fourth quartile. Table 1 shows baseline characteristics of participants.
As shown in Table 2 , participants who performed more vigorous LTPA presented a lower risk of developing MS than those who performed light-intensity LTPA in an age-and sex-adjusted model and after adjusting for potential confounding factors (OR¼0.63, 95% CI¼0.44, 0.89). Incidence decreased also in the intermediateintensity categories.
This study found interaction between sex and intensity of LTPA (p¼0.015 for interaction). Stratified analyses showed an MS risk reduction associated with vigorous LTPA in men (multivariable AOR¼0.40, 95% CI¼0.24, 0.65) but not in women (OR¼0.98, 95% CI¼0.59, 1.65). Multivariable AORs of MS were calculated between extreme quartiles of time spent in LTPA (OR¼0.76, 95% CI¼0.46, 1.27, for highest versus lowest quartile) and total energy expenditure in LTPA (OR¼0.78, 95% CI¼0.57, 1.07, for highest versus lowest quartile). The risk of developing individual MS components associated with LTPA intensity is shown in Table 3 . The patterns for MS components were similar to those observed for the overall MS, with an inverse association except for elevated glucose. However, only waist circumference was significant.
Additional analysis with the five new categories of the joint combination time and intensity of LTPA are shown in Figure 1 . Participants who performed vigorous LTPA showed a lower risk of developing MS than those who performed light to moderate LTPA within the same time category.
DISCUSSION
The present study investigated the association between intensity of LTPA and MS. The results showed that vigorous LTPA was inversely associated with the longterm risk of developing MS in comparison with light LTPA, after controlling for total energy expenditure and a wide array of confounding factors.
The incidence of MS was low (4.1%). This was expected because this study comprised a young cohort Note: Values are OR (95% CI) unless otherwise noted. Q1-Q4 are quartiles of mean METs/hour of LTPA. Adjusted for age, sex, smoking status, baseline BMI, total energy intake, adherence to the Mediterranean Diet, following any special diet, snacking, sugar-sweetened soda consumption, alcohol intake, french fries consumption, fast-food consumption, educational level, computer use, TV watching, house chores, hours sleeping, napping, physical activity at work, cardiovascular disease, and total energy expenditure in LTPA per week. a Z94 cm for men or Z80 cm for women. b Z150 mg/dL. c o40 mg/dL for men and o50 mg/dL for women. d Systolic Z130 mmHg or diastolic Z85 mmHg. e Z100 mg/dL. HDL-C, high-density lipoprotein cholesterol; LTPA, leisure time physical activity; MS, metabolic syndrome.
from which participants with any MS component at baseline were excluded. The component of MS that exhibited the strongest association with VPA was waist circumference (Table 3) . It is likely that exercise would have a greater impact on overweight adults than on subjects with normal weight, but the mean BMI for all groups in this cohort was o23. Despite this suboptimal setting, the study did find significant associations, but may have underestimated the potential benefits of VPA in this healthy cohort. The authors also estimated the multivariable AOR of MS within quartiles of total energy expenditure in LTPA and hours of LTPA, but found that even though they were in the direction of an inverse association, results were not significant. A plausible biological pathway through which VPA may have a greater influence on MS than an equivalent energy expenditure of moderate physical activity is the reduction in abdominal obesity. 33 A clinical trial showed that men who performed moderate to vigorous intensity exercise experienced greater loss of overall and abdominal fat. 34 This could explain why the authors found that a significant inverse association was present only among men. Also, this could be due to the differences in the physical activity patterns. Men performed VPA more frequently and for a longer duration than women. Furthermore, the variability in the intensity of LTPA was lower among women. The association between sex and VPA could have influenced the results by bringing them toward the null among women, because, as it is well known, it is more difficult to find differences between ordered categories (quartiles) of an exposure when the variability in that exposure is lower. Vigorous LTPA was associated with the reduction of MS incidence in older participants (aged 455 years), probably owing to their higher susceptibility to develop MS, obesity, and diabetes.
The present findings are consistent with some previous cross-sectional studies that show the beneficial effects of VPA on reducing the incidence of MS, [16] [17] [18] 35, 36 but not many studies have examined the effects of different intensities of physical activity, independent of total energy expenditure, in a prospective way. A prospective cohort study, the Copenhagen City Heart Study, confirmed the role of physical activity in reducing MS risk and suggested that the intensity, more than the quantity of physical activity, was important. But potential differences in dietary habits, which may have a significant impact on the results, were not taken into account. 20 To the authors' knowledge, this is the first study to examine the association between intensity of LTPA and MS in a large prospective cohort, including lifestyle and dietary confounding factors.
The effects of VPA may vary, depending on the examined outcome. This study did not find any significant association between intensity of LTPA and high blood pressure, high triglycerides, low high-density lipoprotein cholesterol, or impaired glucose metabolism after 6 years of follow-up, even though all the nonsignificant estimates were in the direction of an inverse association, similar to the results of other studies. [37] [38] [39] Current physical activity guidelines 7 imply that, at the same time, VPA consumes about twice as many calories as moderate physical activity, so health benefits of VPA are derived from the shorter timeframe needed to expend the appropriate amount of energy. These findings suggest that other benefits of VPA, independent of energy expenditure rates, should be considered. People should be advised to practice VPA, not only as a time-efficient approach, but also for achieving greater health benefits.
Limitations
This study has important strengths such as its large size, the long follow-up period, and the existence of previously published validation studies. One limitation of the study is that the sample was not representative; however, is not necessary for the sample to be representative, and the fact that all participants were university students adds validity to the high-quality information derived from their questionnaires. Note: Intensity was specified as light to moderate LTPA (o6 METs/hour) and vigorous LTPA (Z6 METs/hour). Time spent in LTPA was specified in two categories taking the median as cut off (r6.3 hours per week and 46.3 hours per week). The reference group included those participants that were not engaged in any exercise. Data were adjusted by age, sex, smoking status, baseline BMI, total energy intake, adherence to the Mediterranean diet, following any special diet, snacking, sugar-sweetened soda consumption, alcohol intake, french fries consumption, fastfood consumption, educational level, computer use, TV watching, house chores, hours sleeping, napping, physical activity at work, prevalence of cardiovascular disease and cancer, and total energy expenditure in LTPA per week. LTPA, leisure time physical activity; MS, metabolic syndrome.
CONCLUSIONS
In this cohort, vigorous LTPA prevented MS better than light and moderate LTPA, independent of total time and total energy spent in LTPA. Further studies should be conducted to confirm these results.
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